Decay and quality loss severely affect the marketability of fresh zucchini. Zucchinis are easily damaged during harvesting, -handling and -storage and no commercial treatment is currently available that can protect the fruit from desiccation, quality loss and decay. The aim of this study was to compare different environmentally friendly dipping treatments (CaCl 2 , Aloe vera, warm water, chitosan, ascorbic-and citric acid) to retain quality of fresh zucchini. Treated fruit were evaluated for physiological, sensory and microbiological parameters after storage for seven and 14 days at 5.8°C and 85% relative humidity. The CaCl 2 , Aloe vera and warm water treatments were the most effective in maintaining firmness and preventing an increase in the total microflora of the fruit. The outcome of this study shows that alternative control methods have potential for effective quality maintenance of fresh zucchini. Future studies should focus on alternative packaging materials in combination with these treatments.
Introduction
Zucchini (Cucurbita pepo L.) is an important vegetable crop worldwide (EsquinasAlcazar and Gulick 1983) and one of the core food items commonly consumed by South Africans (Rautenbach and Venter 2010) Quality loss, decay and general deterioration of zucchini are a major concern for growers from production, during harvesting, packing, transporting, storage and after sales (Kader 1983) . Since the fruit is harvested physiologically immature (Avena-Bustillos and Krochta 1994) , it still has a poorly developed cuticle that is easily damaged during harvesting and subsequent handling. Fruit skin injuries can lead to abnormal cellular growth and microbial decay (Avena-Bustillos and Krochta 1994) . The fruit is also particularly susceptible to postharvest chlorophyll degradation (Kader 1983) , water loss (Avena-Bustillos and Krochta 1994) and chilling injury (Carvajal et al. 2011 ).
With the current consumer trend that favours pesticide-free fresh produce; the need for environmentally friendly treatments has become important. The main objective of the present study was to evaluate the effect of six different optimized 3 dipping treatments on postharvest quality retention of fresh repacked zucchini. In addition, the microbial load was determined at different postharvest stages to establish parameters at which fresh zucchini are still acceptable for consumption. The treatments used in this study were selected based upon their efficacy previously reported in the literature on similar food crops (cucumber, bell pepper and tomato) (El Ghaouth 1997; Lurie 1998; Liu 2007) .
Materials and Methods

Fruit
Freshly harvested zucchini from the same cultivar (medium green variety) were obtained from the fresh produce market in Tshwane, Gauteng, South Africa. The fruit originated from the same producer, were freshly picked and packed under commercial conditions the day before and transported to the market in a refrigerated truck. Nine hundred and sixty fruit were randomly selected on the basis of size (10-12 mm in length, 6-8 mm in diameter), shape and quality. All fruit were briefly rinsed in sterile water to remove sand or other particles before treatment and left to air dry.
Treatments
Aloe vera
Commercial Aloe vera concentrate was purchased from a local pharmaceutical retail chain store and was prepared in a 1:3 ratio (Aloe vera concentrate: sterile distilled water) according to Martinez-Romero et al. (2006) . The zucchini fruit were dipped in the Aloe vera solution for 5 min at 25°C and left to air-dry (10 min).
Chitosan
A 0.5% chitosan solution was prepared by dissolving chitosan (Sigma, obtained from deacetylated chitin (crab shells, 75% deacetylated) in a 0.25% glacial acetic acid (Merck, Johannesburg, South Africa) solution (Romanazzi et al. 2001) under moderate stirring at approx. 50°C for 4 hrs. When dissolved, the pH of the solution was adjusted to 6 using a 0.1 M NaOH solution. The zucchini fruit were dipped in the chitosan solution at 25°C, immediately removed and allowed to air dry. 4
Warm water
The fruit were dipped in warm water (40°C) for 10 min as described by Lurie (1998) and allowed to air dry.
Citric acid / Ascorbic acid / CaCl 2
Solutions of 0.5% citric acid (Unilab, Krugersdrop, South Africa), ascorbic acid (Unilab) and CaCl 2 (Merck) were prepared separately by dissolving the respective powders in sterile distilled water (Lucera et al. 2010) . Two groups of zucchini were dipped in each treatment solution respectively for 5 min at 25°C and left to air dry.
The fruit were randomly organised into groups of 10 fruit that were subjected to a treatment protocol before being packed in unperforated polypropylene clamshell containers (240 x 160 x 75 mm) (Marcoware, Marco Plastics, Alberton, South Africa) and stored at 5.8°C and 85% RH in darkness (Martinez-Romero et al. 2006 ) for up to two weeks. The control consisted of an acetic acid solvent control (refer to section 2.1.2) and an untreated control. Physiological, sensory and visual assessments were performed on the day of treatment, day seven and 14 of storage. Disease decay was noted if present on any treatment. One randomly selected zucchini per container was used for sensory evaluation and three for physiological assessment. The entire experiment was repeated.
Physiological assessment
Texture analysis
Flesh firmness was determined using a fruit firmness tester (TR, Italy). For each treatment, two zucchinis were tested for both the repeat experiments. One cm 2 of the peel was removed from opposite sides of the equatorial plane of each fruit and the penetration force was measured individually and recorded using a 2 mm probe. The recorded value was based on the force required to shear one zucchini and was expressed in kilograms.
Brix (total soluble solids)
For each treatment of the two repeat experiments, two zucchinis were used. The fruit were finely sliced into pieces and subsequently homogenized with a food processor (Phillips, Netherlands). The homogenised product was filtered through a fine sieve 5 and an aliquot of filtrate was used to determine the total soluble solids (TSS) value with a digital refractometer (Atago Co., Tokyo, Japan).
pH
Approximately 20 g of homogenised product was mixed with a 0.09% NaCl (Merck) solution and stomached (Seward Stomacher ® 400 Circulator, Lasec, South Africa) at 230 rpm for 30 sec. The pH was measured after stomaching.
Weight loss
In order to determine whether any weight loss occurred during storage, both the treated and untreated zucchini fruit were weighed on the first day directly after treatment and subsequently at day 7 and 14 during the trial period.
Surface colour
The surface colour was tested using two zucchinis per replicate per treatment.
Measurements were taken along the "equatorial axis" (opposite sides) using a Minolta
Chromameter (model CR-300; Osaka, Japan). Results were expressed as L*, b* and a* values.
Visual quality
Decay incidence was visually assessed, and was recorded as a value between 1 and 4.
Assessments were made according to the following criteria (Alvaro et al., 2009 ): 1 = <25% area affected by spoilage, 2 = between 25-50% affected, 3 = between 50-75% affected, 4 = >75% affected.
Sensory evaluation
For the sensory evaluation, whole zucchinis were thoroughly washed with water, ends were removed and zucchinis were cut in half. Sixteen portioned zucchinis (one half per panellist) were boiled over steam for five minutes using an Anvil Bain Marie (Model BMA 0002). Eight trained panellists (Department of Food Science, Sensory
Research Division) were first presented with uncooked zucchini samples and instructed to rate these for uncooked attributes. After rating the uncooked zucchinis, samples were cooked and once again presented to each panellist for further evaluation. Panellists rated the zucchinis on a structured ten-point scale (e.g. 0 = not intense; 10 = very intense) using attributes such as aroma intensity, skin colour, skin firmness, juiciness, sweetness, bitterness, sourness and aftertaste. The samples were evaluated over a two-week period at three intervals: days 0, 7 and 14.
Microbial evaluation
For the microbial evaluation, four zucchinis per treatment for both the repeat experiments were handled as follows: zucchinis were washed for 1 min (optimised time, unpublished data) in a Eumax ultrasonic cleaner (Labotec, Johannesburg) with 1 L Ringer's (Merck) solution supplemented with Tween 80 CP (Merck) to remove surface microflora. The Ringer's solution was filtered through a 45 μm membrane (National Seperation, Johannesburg) using a vacuum pump (Balzers, Germany), after which the membrane was transferred to 9 ml Peptone buffered water (PBW) (Merck), vortexed and standard serial dilutions made. Samples were prepared in duplicate, and 100 μl from each dilution was plated out onto Standard 1 Nutrient Agar (STD1) and
Malt Extract Agar (MEA) (Biolab, Johannesburg). The STD1 and MEA plates were incubated for 2 and 4 days respectively at 25°C before counting colonies and determining microbial load expressed as log cfu/cm 2 .
Statistical evaluation
Each experiment was designed as a randomised complete block design, containing two replicates; each replicate consisting of 240 fruit, and the entire experiment was performed in duplicate. Physiological, surface colour and microbiological data were analysed by one-way analysis of variance using General Linear Model (GLM) test to determine significant differences between treatments (SAS Software Version 9.3).
Sensory data were captured and analysed using Compusense ® five data software 
Results and Discussion
Physiological parameters
The Aloe vera and CaCl 2 treated samples were more effective in maintaining flesh firmness after the 14-day trial period, in contrast to the control which showed a decline in flesh firmness after the first 7 days of the trial period (Figure 1b ) . Calcium treatments have been shown to retain the firmness and quality of vegetables and fruit as Ca contributes to the structural integrity of plant cell walls and membranes (Izumi and Watada 1995) . The Aloe vera treatment was also more effective in maintaining flesh firmness as was reported by Martinez-Romero et al. (2006) . The active compound in Aloe vera has hygroscopic properties, which enables the formation of a barrier to water diffusion between fruit and the environment (Martinez-Romero et al. 2006) . In contrast to findings by Lurie (1998) and Ansorena et al. (2011) , flesh firmness was maintained for the first seven days after a warm water treatment. The firmness of the zucchini subjected to the chitosan treatments was significantly different from the non-treated and solvent control treatments, indicating its potential to prolong shelf life.
The total soluble solids (TSS) value remained the lowest for the warm water treated samples throughout the trial. The values were the greatest for the Aloe vera and CaCl 2 samples at seven and 14 days ( Figure 1c) respectively, which indicates a more ripened development stage for both of these treatments. The ascorbic acid treatment showed the greatest increase in TSS from day 0 to day 14. The control showed comparable performance to that of the acetic acid treatment, with a moderate increase from day 0 to day 7 and then a slight decrease in TSS from day 7 to day 14. The TSS value was the lowest for the warm water treatment that indicated less evident ripening progression. Hot water dips have previously been successfully used to improve the shelf-life of vegetables and fruit (Lurie 1998; Ansorena et al. 2011 ).
The pH values increased from day seven to 14 for all the samples over the storage time, but remained in the 6.0 < pH < 6.4 range. Wills and Widjanarko (1995) similarly reported that the pH of papayas increases over storage time as the amount of fruit acids decline. After seven days of storage, the pH was the highest for CaCl 2 , and the lowest for the Aloe vera and control samples, with the greatest decline in pH over the experimental period shown by CaCl 2 treated samples (Figure 1d ).
Weight loss was the highest for the untreated control samples after seven days of storage, while there were no significant weight loss differences between any of the treatments after 14 days of cold storage 
Surface colour
With respect to surface colour, the L-value (Figure 1g ) for dip treatments did not differ significantly.
The untreated control samples showed the greatest loss in L-values over the experimental period. The ascorbic acid treatment retained the zucchins' green colour significantly better than the warm water (avalue interpretation, Figure 1e ) and chitosan (b-value interpretation, Figure 1f ) treated samples at seven and 14 days of storage respectively. Citric -and ascorbic acids are traditionally used to prevent enzymatic browning of freshly cut fruit and vegetables (Toivonen and Brummel 2008) .
Visual quality
In this study, none of the fruit exhibited spoilage of more than 25% of the total surface area per zucchini at a significance level of p < 0.05. General decay in the isolated cases were mostly caused by Rhizopus rot (data not presented).
Sensory evaluation
Compared to the control groups, the eight panelists could not distinguish significant sensory property changes between the six zucchini treatment groups during the two-week storage period at a significance level of p < 0.05 (data not presented). Figure 2 shows that on the day of treatment application, the total microbial (mesophilic aerobic bacteria, filamentous fungi and yeasts) load of the control and treated zucchini ranged between 1.9 and 6.3 log cfu/cm 2 on the day of treatment. In both control and treated samples, a significant increase in microbial load was observed over 14 days of cold storage at 5.8°C, although the increase was not significant for the Aloe vera and warm water samples after seven days. The highest increase in microbial load from the day of treatment to day seven was observed for the warm water, citric acid and chitosan treated samples with increases of 3.2, 3.3 and 3.7 log cfu/cm 2 respectively. The amount of total microbial load increase for all the samples from day seven to 14 was less than the amount of increase from day zero to day seven, except for the untreated control samples that showed a higher escalation in average microbial counts. The highest microbial count of 10.4 log cfu/cm 2 was noted for the solvent control samples after the two-week trial period.
Microbial counts
It has previously been reported that calcium has an inhibitory effect on the growth of microorganisms (Izumi and Watada 1995) . Calcium is known to maintain the structural integrity of cell walls and membranes, thereby possibly providing resistance to microbial infection (Conway and Sams 1984) .
While the antimicrobial effect of Aloe vera and warm water was not evident in the results presented for the total microflora, it was noted that it specifically showed anti-yeast properties from day seven to day 14 (yeast counts decreased). Chitosan is an edible polymer coating that has antifungal properties through increasing their susceptibility to lytic enzymes (Ali et al. 2012) , but also addresses two prime factors that influences quality of zucchini, i.e. water loss and high respiration rates. In this study, the antimicrobial effect of chitosan was evident on the day of the treatment and it maintained a lower microbial load throughout the 14-day trial compared to the other treatments. 
Conclusion
To the best of our knowledge, this is the first report where CaCl 2 , Aloe vera, warm water, chitosan, ascorbic-and citric acid dipping treatments were compared for maintaining the quality of fresh repacked zucchini.
The use of Aloe vera and CaCl 2 may be appealing environmentally friendly treatments for practical application in the industry. Since the stand-alone treatments in this study exhibited potential for effective quality maintenance of repacked zucchini, combination treatments should be carefully explored. It is also recommended that similar studies be conducted on a commercial basis.
Product quality is often considered acceptable with mesophilic bacterial counts of 10 2 to 10 6 cfu/g (Nguyen-the and Carlin 1994). In this study, the highest microbial count (10 log cfu/cm 2 ) was found on the zucchini surface of the control samples after the two-week trial period. Of note was the fact that these zucchinis were still in a pallatable state and considered of high visual and sensory quality. Barriga et al. (1991) found that a total number of 10 7 cfu/g psychrotrophic microorganisms on
shredded lettuce still warranted a product with a high visual quality rating. Abusive temperatures or rough handling may rather be the cause of product deterioration instead of high microbial loads (Zagory 1999) . The value of using a generic total microbial load for fresh fruit and vegetables can be debated in the light of new emerging scientific information. The South African Department of Health's guidance document for ready-to-eat food, specifies fresh fruit and vegetables not to exceed a total yeast and fungal count of <100 000/g to ensure that the product is safe for consumption (Department of Health Directorate: Food Control 1997) . The referred document does not stipulate guidance regarding bacterial loads and provides no microbial load recommendations for harvested ready-to-eat fresh produce. As a separate outcome of this study, we would like to suggest that a normal healthy microbial load of fresh -and mature packed zucchini could be in the order of 6-10 log cfu/cm 2 . Further research should focus on establishing a microbial load on fresh zucchini at the point of harvest and further down the food chain. 
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